Hepatitis B infection is still the main cause of chronic liver disease in Iran, which is associated with significant economic and social costs. Objectives: This study aimed to estimate the financial burden caused by CHB infection and its complications in Iran. Patients and Methods: Prevalence-based and bottom-up approaches were used to collect the data. Data on direct medical costs were extracted from outpatient medical records in a referral gastroenterology and hepatology research center, inpatient medical records in several major hospitals in Tehran and Shiraz in 2013, and the self-reports of specialists. Data on direct non-medical and indirect costs were collected based on the patients' self-reports through face-to-face interviews performed in the mentioned centers. To calculate the indirect costs, friction cost approach was used. To calculate the total cost-of-illness in Iran, the total cost per patient at each stage of the disease was estimated and multiplied by the total number of patients. Results: The total annual cost for the activate population of CHB patients and for those receiving treatment at various disease stages were respectively 450 million and 226 million dollars, with 64% and 70% of which allocated to direct costs respectively, and 36% and 30% to indirect costs respectively. The total direct costs alone for each group were respectively 1.17% and 0.6% of the total health expenditure. Furthermore, the cost spent on drugs encompasses the largest proportion of the direct medical cost for all stages of the disease. Conclusions: According to the perspectives of payers, patients, and community, CHB infection can be considered as one of the diseases with a substantial economic burden; the disease, specifically in extreme cases, can be too expensive and costly for patients. Therefore, patients should be protected against more severe stages of the disease through proper treatment and early diagnosis.
Background
In recent decades, health expenditure has increased considerably worldwide. In addition, because of the skyrocketing costs of health related services, the health system of in Iran has faced significant challenges (1) . These costs may be generated directly by medical diagnostic services or indirectly by the loss of productivity and quality of life (1) . Hepatitis B virus (HBV) is now considered a serious problem for health all over the world (2) so that it is the most common and most important type of viral hepatitis and liver disease worldwide. It is subject to costly risks, high mortality, and morbidity, particularly in developing countries (3) . Despite the availability of effective vaccines for HBV since the 1980s (4), it is estimated that still about 350 million people are suffering from chronic HBV infection (CHB) worldwide, which results in annually 500000 to 1.2 million deaths, of which 75% are Asian (5, 6) . Hepatitis B infection is the tenth leading cause of death in the world (7) . The main cause of death from hepatitis B is various related conditions such as cirrhosis and hepatocellular carcinoma (HCC), which impose very high costs to patient and health system (5, 8, 9) . Thus, HBV infection is a serious health problem (10) ; for example, in the United States more than one billion united states dollars (USD) each year is spent due to hospitalization costs of patients with hepatitis B infection. Therefore, enormous economic and social costs are associated with this infection (11) . As to the prevalence of this disease, with a prevalence of about 2%, Iran is among the countries with moderate prevalence and fortunately, the country has approached those with lower prevalence rates (1.5%) in recent years. Currently, about 1.2 million people in our country are infected with the virus (12) , and if left untreated, about 15% to 40% of them are at risk of developing cirrhosis or HCC (12) (13) (14) . As a result, it is estimated that 180000 to 480000 people are facing serious problems associated with HBV infection and require immediate attention (12) . In Iran, there is no published study on the costs of CHB with comprehensive and simultaneous assessment of the direct and indirect costs of disease among patients with different states of the disease including compensated cirrhosis (CC), decompensated cirrhosis (DC), HCC, and liver transplantation (LT). However, in two studies, it has been shown that the economic burden of hepatitis can be significant for the community (15, 16) . The economic burden of CHB on communities and individuals in the country is unknown because of insufficient evidence. The provision of accurate data on the economic burden of HBV infection can help healthcare policymakers to make appropriate decisions about the prevention and treatment of this disease (17) . Considering the significance of the burden of HBV infection in the world and Iran on one hand, and the lack of a comprehensive economic analysis of the disease in the country on the other hand, doubled the need for conducting this study.
Objectives
The aim of this study was to estimate direct and indirect costs of various states of CHB in the country.
Patients and Methods
This descriptive analytical study was conducted in 2013 as a cross-sectional study on the patients with CHB who were referred to the Gastroenterology And Hepatology Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran, which is a referral center and the core of hepatitis network in the country, and also Nemazee Hospital, Shiraz University of Medical Sciences, Shiraz, Iran, whose liver transplantation center is the main treatment hub of the country. This study aimed to evaluate direct medical and non-medical costs and indirect costs from the societal perspectives. The process of analyzing the costs of CHB was performed in three parts as follows:
A) The first part determined and estimated the direct costs imposed on patients with CHB at its different stages.
B) The second part was devoted to evaluation and estimation of indirect costs. C) In the third part, using a combination of data obtained from the two previous parts, an estimate was made, which was multiplied by the number of patients with CHB at its various stages to calculate the overall financial burden of the disease in the country.
To obtain information about costs, prevalence-based approach was used. For the analysis of the costs of disease, this study adopted bottom-up approach (18).
Part 1: Measurement of Direct Medical Cost
To increase the accuracy and precision of data collection on direct medical costs, we tried to use the patients and specialists' viewpoints and inpatient and outpatient medical records simultaneously from January 1, 2013 through December 31, 2013. To estimate the costs at different stages of the disease, the patients were classified into five groups as follows: CHB, CC, DC, HCC, and LT.
Charges do not reflect true costs due to government subsidies for medicines and hospital services; therefore, we used private cost as an indicator of measuring cost (19) . To obtain a more accurate estimate of the cost analysis in patients with CHB and its different stages, we attempted to calculate the total direct cost of medication, visit, hospitalization, diagnostic tests, etc. separately for patients in different stages, based on the non-subsidized price in 2013.
Calculation of Direct Medical Cost
The mean of total annual direct medical costs (15, 20, 21) per patient in each of the different stages of HBV infection was calculated separately as follows:
The total annual cost per patient in each disease state = (Average number of visits per year × visit tariffs) + (average number of tests per year × tariffs for each test) + (average number of diagnostic services per year × tariffs for each diagnostic service) + (average number of hospitalizations per year × tariffs for each day of hospitalization) + (the cost of every unit of medicine × the number of prescribed medicines on a course of treatment)
It is worth mentioning that the percentage of the prevalence of medical care utilization, under the supervision of specialists, was taken into account while calculating all items.
Moreover, in this study, 2013 tariffs with the currency of USD and an exchange rate of 26668 IRR for each USD (22) were used to calculate direct costs.
Measurement of Direct Non-Medical Cost
To estimate the related costs, we used the patient's selfreport during the study period. Because the vast majority of patients referred to the mentioned treatment centers were living outside Tehran and Shiraz, items such as travel time, costs of travel to these centers to receive health care, and accommodation and meals costs were considered as important components of direct non-medical costs.
Calculation of Direct Non-Medical Cost
The average of the total annual direct non-medical costs (15, 20, 21) per patient in each of different stages of HBV infection was calculated separately as follows:
The average cost per patient in each disease state = Number of referrals for medical services per year × Cost of each visit × percentage of patients referred from other cities
Part 2: Measurement of Indirect Cost
Cost data were collected via face-to-face or telephone interviews with patients who were receiving inpatient and outpatient services from the mentioned treatment centers during the study period. Moreover, the informed consent was obtained from all patients.
Calculation of Indirect Cost
To calculate the cost of productivity loss due to presenteeism and absenteeism, we used Friction cost approach (23) .
To calculate the indirect costs imposed on patients with DC and HCC the following formula was used: Disabled patients = average monthly income × 12 × (number of employed persons/total sample) × 0.8 × 20.3% × 5.
In friction cost approach, we considered an elasticity of 0.8 between production and work force, labor productivity of 20.3% in Iran, and the interval of five months.
To calculate the indirect costs of CC and CHB, the following formula was used:
Employed patients = average monthly income × 12 × (number of employed persons/total sample) × 0.4 × 20.3% × 3.
Part 3: Financial Burden Imposed on All Patients With Chronic Hepatitis B at Its Different Stages
After estimating direct and indirect costs for every stage of disease separately, two types of financial burden were estimated for every stage of the disease:
A) First, after collection of data about the prevalence rate of the disease, the population of the country, and the average cost of each stage of disease, the potential financial burden of the disease in patients in the country was calculated using the following formula:
Financial Burden = Total cost (direct medical + direct non-medical + and indirect costs) × estimated number of infected subjects in Iran B) In order to calculate more accurately, we attempted to estimate the costs of treatments for patients with CHB in different stages of the disease. Accordingly, to calculate the real costs imposed on health system due to this disease per year, the average number of patients treated per year for each disease state separately was estimated and multiplied by the cost of the disease for each stage of the disease.
The total annual cost imposed on treated patients with each disease stage = the average number of patients treated × the average cost imposed on a patient.
Estimation of Prevalence
Given that the reliable prevalence data of different stages of HBV was not readily available for many countries (20), we used information from various sources to estimate the prevalence. According to Poorolajal and Majdzadeh study, the overall prevalence of CHB in Iran was estimated at approximately 1.7% (24) . According to the latest figures released by the Office for Prevention of Viral Hepatitis in the Ministry of Health and Medical Education, the prevalence of HBV in Iran is estimated to be about 1.5%. Therefore, considering an estimated population of 78 million people in Iran in 2014 (25), the total number of HBV carriers was estimated to be 1.17 million people. Of these, approximately 80% are inactive population and 20% are active population with CHB. Hence the active population is 234000 people in the country; hence, 80% are patients with CHB (187200 people) and about 20% are patients with liver cirrhosis (46800 people). According to database of the national hepatitis network and the statistics about the chronic patients presented by Gastroenterology And Hepatology Research Center in Baqiyatallah University of medical Sciences, the ratio of patients with CC to DC is 4:1; hence, the number of patients with CC and DC in the country are about 37440 and 9360 people, respectively.
Moreover, since there was no data available in the country about the incidence of the disease among patients with HCC, we used a published study, which reported its mortality rate to be about 3.53 per 100000 people (26) , to estimate the incidence. Therefore, the incidence was estimated as follows (20):
Based on experts' opinion, the average survival rate in patients with HCC in Iran is about a year (the Hepatitis Research Network of the country). Thus, under these conditions, the rate of prevalence is equal to the rate of incidence. Given that the mortality rate for HCC cases includes the incidence cases and as the disease duration in the country is expressed per year, it can be stated that the incidence is equal to deaths in the country. Therefore, in a population of 78000000 people, there are approximately 2753 cases of liver cancer per year; taken into consideration that 80% of liver cancer cases are due to CHB (26) , about 2203 HBV and HCC occur in the country per year. Nowadays, on average about 500 liver transplants are performed annually in the country, 90% of which are done in Shiraz Transplant Center. So far, about 3000 transplants have been performed in the country of which about 553 transplants (20%) have been due to CHB. Thus, according to the estimations based on the above data, on average, about 111 liver transplants due to HBV infections are performed annually. In addition, to accurately estimate the true costs imposed on patients with HBV in the country, we tried to estimate the average number of patients receiving treatment per year for patients with CHB in different stages of disease. Therefore, based on experts' opinion, about 20% of patients with CHB, which is equal to 37440 persons, in the country are currently receiving treatment. Moreover, according to the views of gastroenterology specialists, all patients with cirrhosis (46800) and liver cancer (125 patients) receive treatment.
To generalize the results of this study to the whole coun-try, we tried to multiply the calculated cost values by the estimated incidence of HBV infection in different stages of the disease. However, since there is no general agreement about the total number of patients with hepatitis in the country, we attempted to estimate the average incidence of the disease via reviewing different published reports.
Sensitivity Analysis
The one-way sensitivity analysis was performed for the estimated costs. In sensitivity analysis, the fixed cost components and the number of patients in different stages of CHB were changed as follows:
A) The prevalence rates of patients with HBV infection from 1.3% to 3.8% (27) were used as lower and upper limits (95% CI), respectively, to estimate the number of carriers of HBV, CHB, CC, and DC.
B) The prevalence rates of 2.77 and 4.26 per 100000 population of males and females (26) were used as the lower and upper limits, respectively, to estimate the incidence of HCC in patients.
Results
In this study, 280 patients at different stages of the disease (130 patients with CHB, 56 with CC, 71 with DC, and 23 with HCC) were enrolled. 
Direct Medical and Non-Medical Costs
Based on data extracted from the mentioned centers, 80% of the patients were from other cities and 20% lived in Tehran and Shiraz. This point was considered in the estimation of direct non-medical costs. Table 2 presents the annual costs of utilization of treatment and diagnostic services (direct medical costs) and the costs of other services required to receive healthcare services (direct non-medical costs) for CHB per patient for each stage of the disease. As shown, the minimum cost (about 866 USD) was observed in patients with CHB and the maximum cost (11494 USD) in patients with HCC. Table 2 also shows that the annual direct medical costs of treatment increased with disease progression. In all cases, except for patients with CHB, the costs of medicine accounted for the greatest share of healthcare costs so that 46%, 37%, and 44% of direct health care costs were spent on drugs required for CC, DC, and HCC stages, respectively. It covered 28% of the costs in patients with CHB. The cost of the test, which is 52%, has the greatest share of healthcare costs in patients with CHB.
Non-direct medical costs: Because many patients come from neighboring provinces, and their travel time is often a full working day or more, the costs of travelling, meals, especially accommodation, increases with progression of the disease to more severe stages (Table 2) . Table 3 presents the estimated costs of medical and diagnostic services (direct medical costs) as well as the costs of other services needed to receive medical care (direct non-medical costs) and to undergo liver transplantation in patients with cirrhosis and liver cancer caused by HBV per patient; it is estimated to cost more than 36994 USD.
Indirect Costs
In our cost survey, none of the participants with CHB and CC had to lose their own job to receive care for disease complications. As the results of the study showed, it seems that these elements had negligible effect on indirect costs for this group of patients. As it is shown, like the rest of the costs, indirect annual treatment costs increases with the progression of the disease, and indirect costs for LT patients have the greatest share of health care costs, which is about 3223 USD (Table 4) . Total costs of the examinations before admission 4500
Operating room costs

Cost of surgery & anesthesia 9375
Costs of anesthesia drugs and materials 2904
Costs of operating room consumable materials 2705
The total cost of the operating room 14984
Hospitalization costs
Hospitalization costs associated transplant ICU hoteling and services 3360
Costs associated transplant ward hoteling and services 3023
Cost of the drugs consumed in the ward 4406
Cost of the consumable materials in the ward 3221
Cost of tests during admission 1678
Total costs of hospitalization 15688
Cost of post-discharge follow-up
Examinations, counseling, and actions after patient discharge 686
Accommodation expenses for one month after discharge
Assuming 85% of people as non-resident 574
Meals and travelling costs during operation and after discharge for one month
Assuming 85% of people as non-resident 562 
Total costs 36994
Financial Burden of Direct Medical and NonMedical Costs and Indirect Costs for Chronic Hepatitis B Infection in Iran
Based on estimated prevalence, the active and inactive population of patients, the numbers of people receiving treatment in a year, and direct medical costs for different stages of CHB were calculated via the aforementioned methods and the results are presented in Table 5 . Since 20% of chronic carriers are the active population of the country, direct medical costs for different stages of disease among active hepatitis population was estimated at about 224444906 USD (Table 5) . Finally, to estimate actual medical costs occurred in a year due to HBV for different stages of disease, the share of patients receiving treatment from the active population with HBV infection was determined to be 126529148 USD ( Table 5 ). The total direct non-medical costs for different stages of disease among active hepatitis population and patients receiving treatment were approximately estimated at 62090907 and 31917471 USD, respectively (Table 5 ). The total indirect costs of different stages of disease for active population with HBV infection and in patients receiving treatment were estimated at 163386610 and 67393669 USD, respectively (Table 5) . Table 4 present a summary of the direct medical costs, direct non-medical costs, and the ratio of indirect costs to direct costs per patient and for different stages of disease in Iran. The total cost of CHB for different stages of the disease among the active hepatitis B population and patients receiving treatment in the country were calculated as 449922423 and 225840288 USD, respectively. In addition, the ratio of direct to indirect costs increases with the progress of the disease (Table 5 ). The results showed that the direct medical costs are the main component of the total cost of treating patients with HBV infection and encompasses about 64% and 70% of the costs for active hepatitis B population and patients receiving treatment, respectively. 
Estimated Total Cost of Illness for Chronic Hepatitis B Infection in Iran
Financial Burden of Illness Survey
A total of 280 patients with a mean age of 47 years (range, 43 -55 years) with different stages of disease participated in the study among which 70% were male. Moreover, 94 persons had DC and HCC; when this group of patients with liver disease were asked "Whether they have had to spend their own or their family members saving or loans to provide their medical cost in the last one year?" almost all of the participants (approximately 96%) expressed their concerns about the high cost of the disease, especially in drugs and tests. Due to the high financial burden of the disease (range, 7500-75000 USD), many of the patients were obliged to borrow from relatives, sell their assets, or get a loan, and consequently, their treatment had greatly influenced their household income. Of all participants with CHB and CC (186 patients), about 30% were forced to get a loan or spend their savings; however, it was more common among patients with CC. Most patients with CHB (80%) had not been forced to borrow money due to the disease expenses. It should be noted that the effect of the disease on the psychologic aspects of the patient and all family members, especially in severe cases of disease, is considerable; almost all the participants with severe stages of the disease (over 90%) expressed this concern. Table 6 presents the results of one-way sensitivity analysis for direct medical costs, direct non-medical costs, indirect and total costs of CHB for different stages of the disease (where the number of patients is variable and cost components are fixed). The results also showed that direct to indirect cost ratio is fixed by changing the number of patients. It indicates the robustness of the results.
Sensitivity Analysis
Discussion
This study was the first comprehensive study on the cost of illness among hepatitis patients in Iran; it tried to estimate the direct and indirect costs of CHB and its related complications at the national level. The present study showed that CHB and its associated complications can impose a considerable financial burden on the country's health system and community in general; in this regard, the present study is in line with the study of Kalantari et al. in which the researchers only calculated the direct costs of the mentioned disease (1). The total annual costs for the population of active CHB and patients receiving treatment were respectively 450 million USD (range, 387 million to 1103 million USD) and 226 (range, 192 million to 532 million USD); the obtained result was not consistent with the results of two previously studies in the country (1, 15) , because they only calculated the prevalence among chronic carriers in the estimation of costs for patients with CHB; moreover, unlike the standards used in this study, they have made no distinction between the inactive population, active population, and those receiving treatment. Therefore, they overestimated the costs (1, 15) . Of this amounts, respectively 64% and 70% have been assigned to the direct costs. The total direct cost alone was roughly equal to 1.17% (range, 1% -2.83%) and 0.6% (range, 0.5% -1.5%) of total health costs in 2013. The total health system cost in Iran in 2013 was 24471951402 billion USD, which was equal to 6.6% of gross domestic product (GDP) (28) . Among the active population and patients receiving treatment at different stages of CHB, patients with CHB and cirrhosis, respectively, had caused the largest share of direct costs to the health system in Iran. Compared to patients with CHB, a patient with LT) or HCC impose respectively 31-times and 12-times higher burden of health costs to the community. It might be due to the higher number of patients with CHB and cirrhosis compared with patients with LT or patients with HCC. In view of the mentioned fact, this study is consistent with the study of Ong et al. (20) , which was conducted in Singapore. In this study, the cost of medicines had the largest share among the direct medical costs for all stages of the disease, especially CC, DC, and HCC; it includes about half of the direct medical costs and is considered as a major problem for patients. In a study by Tu et al. which was conducted on a cost of illness among patients with CHB in Vietnam in 2012, medical costs were reported as the major item among direct medical costs (21) . Thus, in general, our results were similar to the results reported from other countries, which showed the increase of direct cost is line with disease progression (29) (30) (31) (32) . In addition, the indirect costs of active CHB and patients receiving treatment for CHB at different stages encompassed 36% and 30% of total costs, respectively. In other published studies, almost one-third of the costs were attributed to indirect costs and as the disease progresses; hence, the direct costs to indirect costs ratio was increased (15, 20) . These results suggest that the indirect costs are an important cost component in the estimation of total costs caused by CHB. Because governmental supports provide only one-third of the financial burden of healthcare and the remaining two-thirds (55% -65%) is provided by out of pocket payments in Iran (33) , this can be very disturbing and important. Therefore, this study showed that CHB with a prevalence rate of 1.5% among chronic carriers (1.17 million people) in the absence of proper management of the disease can put 15% to40% (i.e., approximately 175500 to 468000 people) at risk of developing cirrhosis or HCC (12) (13) (14) , It will impose the average cost of 982 million to2620 million USD on community and the health system, which will lead to four-times to 12-times higher costs than the current costs imposed on patients receiving treatment. Therefore, a considerable financial burden will be imposed on the health system and society, and stops or slows the effective treatment of liver disease.
Similar to other published studies (20, 21) ; this study demonstrated that severe disease states, including DC and HCC are very expensive for patients. When patients were asked whether they had to spend their own or their family members' saving or loans, almost all participants with more severe stages of disease, including DC, HCC, and LT, said they were forced to get a loan or borrow from friends. They also said that the disease had imposed heavy financial burden on patients and their families, and most of them had many difficulties to cover the cost of treatment. The problem is more significant for services that are not covered by insurance, such as certain medications or receiving services from nongovernmental centers (34) , and is considered as a catastrophic cost. Considering the abovementioned problems, it should be tried to prevent the progress of disease to more severe stages via proper and timely diagnosis and treatment. On the other hand, because only the overall prevalence rate of chronic carriers had been taken into account for calculating the costs in the two previous studies conducted in Iran (1, 15) , it had led to an overestimation of the disease costs. In this study, we tried to resolve this issue. In fact, the active and inactive population as well as patients receiving treatment was identified distinctively and their costs were estimated to calculate the actual current cost of the disease in the country. Because the Hepatology and Gastroenterology Research Center of Baqiyatallah University in Tehran and the Liver Transplantation Center of Nemazee Hospital in Shiraz are among the main referral centers in the country, the cost estimates in this study can provide a good estimate of the true cost in patients with CHB in Iran. Hence, the results can be used by health policymakers to plan and assign the resources more effectively.
One limitations of this study was the lack of documentary evidence about the exact number of patients with CHB receiving treatment in different stages as well as the prevalence of HCC in the Iran. As a result, in this study, we used the opinions of some of the best specialists in this field. In conclusion, due to the chronic nature of the disease, the management of patients with HBV infection is not only a therapeutic challenge, but also a method for the prevention of considerable economic burden of disease from the perspective of the payer, patient, and community. Therefore, patients should be protected against more severe stages of the disease through proper treatment and early diagnosis. This can be an important message for policymakers and administrators of healthcare system.
